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METHOD OF MANUFACTURING CAPACITOR IN SEMICONDUCTOR DEVICES 
Claim for Priority 

[0001] This application claims the benefit of the earlier filing date of Korean Patent 
Application No, 00-62025, filed 20 October 2000, which is hereby incorporated by reference 
in its entirety. 

Field of the Invention 

[0002] The invention relates generally to a method of manufacturing a capacitor in 
semiconductor devices. More particularly, the invention relates to a method of 
manufacturing semiconductor devices that prevents defective Ru/BST/Ru capacitors 
by depositing a Ru lower electrode by means of a chemical vapor deposition (CVD) 
method, and then stabilizing the surface of the Ru lower electrode by a given thermal 
process. The invention can be used in a process of manufacturing a capacitor in a 
DRAM device having the integration degree of over 1 Gbit 

Background of the Invention 

[0003] The current trend includes increasingly utilizing Ta^ or BST as a dielectric thin 
film for use in a Si0 2 /Si 3 N 4 /Si0 2 stack structure in a DRAM. It is believed that in the near 
future, as a design rule, BST will be the most promising dielectric thin film in a DRAM over 
1 Gbit. In a high quality actual device, the BST dielectric thin film can be formed on a 
patterned substrate by means of a chemical vapor deposition method. When BST is used as a 
dielectric thin film, its applications typically include a concave type Ru/BST/Ru capacitor or 
a stack type Pt/BST/Pt capacitor. When Pt is used as an electrode material, its capacitor 
characteristics are very stable due to its stable interface characteristic with BST, without 
regard to the its formation method or a post-process. On the other hand, when Ru is used as 
an electrode material, its capacitor characteristics become unstable because it degrades the 
quality of BST when BST is deposited. This is believed to be due to the easily oxidized 
characteristic of Ru and because of its low catalyst characteristic as compared to Pt. Thus, Pt 
allows very good BST film quality when BST is deposited by means of a chemical vapor 
deposition method because Pt contains a significant number of activated oxygen atoms due to 
its catalytic characteristic. However, Ru degrades the BST film quality because Ru tends to 
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form a Ru0 2 oxidization phase, instead of activated oxygen atoms, without silver catalyst 
characteristic, 

[0004] Furthermore, Ru must be processed at a very low temperature (250~270°C) in 
order to deposit Ru by means of the chemical vapor deposition method to prevent creation of 
Ru0 2 . Due to these characteristics, Ru affects a BST thin film or an underlying anti-diffusion 
film because it contains a significant amount of carbon and oxygen during a subsequent 
process. Even with a flat structural layout, it is difficult to obtain good BST deposition 
characteristics on Ru by means of the chemical vapor deposition method. These hindrances 
have obstructed and delayed development of a concave type Ru/BST/Ru capacitor. It is 
believed that attempts have been made to perform a rapid thermal process (RTP) under 
nitrogen or argon atmosphere in order to obtain a good characteristic Ru film. Therefore, 
there is a need for a process to change the surface characteristics of Ru in order to improve an 
interface characteristic of BST/Ru for flat or curved surfaces. 

Summary of the Invention 

[0005] It is therefore an object of the present invention to provide a manufacturing 

method that prevents defective Ru/BST/Ru capacitors in semiconductor devices by 

depositing a Ru lower electrode by means of the chemical vapor deposition method and then 

stabilizing the surface of the Ru lower electrode by a given thermal process. 

[0006] According to the present invention, a BST/Ru interface that is characterized by 

low leakage current and dielectric constant can be obtained to improve the reliability of a 

capacitor. 

[0007] In order to accomplish the above objects, a method of manufacturing a capacitor 
in semiconductor devices according to the present invention is characterized in that it 
comprises forming a silicon oxide film on a surface of a silicon substrate; forming a nitride 
film on said silicon oxide film; forming a contact hole by sequentially etching a portion of 
said nitride film and said silicon oxide film; depositing a doped polysilicon layer over the 
entire surface of said silicon substrate, said doped polysilicon layer filling said contact hole; 
performing an etch-back process to remove a portion of said doped polysilicon layer, said 
etch-back process leaving said doped polysilicon layer in said contact hole; forming an ohmic 
contact layer over said doped polysilicon layer in said contact hole; forming an anti-diffusion 
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film on said ohmic contact layer; forming a silicate glass film over the entire surface of said 
silicon substrate including said anti-diffusion film; forming a concave hole by etching a 
portion of said silicate glass film, said concave hole having an internal wall; forming a 
Ruthenium lower electrode on said internal wall of said concave hole; forming a BST 
dielectric film on said first Ruthenium electrode, said forming said BST dielectric 
sequentially including performing a NH 3 -plasma process, performing a N 2 0-plasma process, 
and depositing BST; crystallizing said BST dielectric film, said crystallizing including 
performing a rapid thermal process; forming an upper electrode on said BST dielectric film, 
said BST dielectric film and said first and second Ruthenium electrodes forming a capacitor; 
and performing a thermal treatment to stabilize said capacitor. 

Brief Descriptions of the Drawings 

[0008] The aforementioned aspects and other features of the present invention will be 
explained in the following description, taken in conjunction with the accompanying drawings, 
wherein: 

[0009] Fig. 1 shows a result of comparing the surface roughness for the case that a Ru 
film deposited by a DC-sputtering method and smoothed by a rapid thermal process and a 
NH 3 -plasma process at 600°C; 

[0010] Fig. 2 shows the surface roughness of the Ru film for the case that the Ru film is 

smoothed by a N 2 0-plasma process at the temperature of 350°C; 

[0011] Fig. 3 shows a result of XRD of the surface of the Ru film; 

[0012] Fig. 4 represents a diffusion curve of oxygen atoms; 

[0013] Fig. 5 shows a silicon oxide film formed on a silicon substrate in which 

semiconductor circuits are formed; 

[0014] Fig. 6 shows a doped poly silicon layer deposited on the entire surface of the 
silicon substrate including a contact hole in order to fill the contact hole; 
[0015] Fig. 7 shows the remaining doped polysilicon layer within the contact hole after 
an etch-back process is performed to remove a portion of the doped polysilicon layer; 
[0016] Fig. 8 shows an ohmic contact layer formed on the doped polysilicon layer 
remaining within the contact hole; 
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[0017] Fig. 9 shows an anti-diffusion film formed by depositing on the resulting surface 
TiNor TiAIN; 

[0018] Fig. 10 shows removing the deposited TiN or TiAIN, except in the region of the 
contact hole by means of a chemical mechanical polishing method; 

[0019] Fig. 1 1 shows a silicate glass film formed by depositing on the entire surface of 
the silicon substrate; 

[0020] Fig. 12 shows a Ru lower electrode formed by depositing on the entire surface of 
the silicon substrate; 

[0021] Fig. 13 shows leaving the deposited Ru on the internal wall of the concave hole 
by means of a chemical mechanical polishing method or etch-back process; and 
[0022] Fig. 14 shows a BST dielectric film formed on the Ru lower electrode. 

Detailed Description of the Preferred Embodiment 

[0023] The present invention will now be described in detail by way of a preferred 
embodiment with reference to the accompanying drawings, in which like reference numerals 
are used to identify the same or similar parts. 

[0024] In order to overcome conventional problems with Ru film, post-processing of a 
Ru film include the following conditions: 1) smoothing of a consistency of a thin film, 2) 
reduction in the surface roughness and 3) adsorption of activated oxygen on the surface of the 
Ru film. To accomplish this, the present invention forms a Ru lower electrode on a patterned 
wafer and then performs a two-step plasma treatment. The two-step plasma treatment 
includes performing a NH 3 -plasma process to reduce the surface roughness, and performing a 
N 2 0-plasma process to adsorb the activated oxygen. 

[0025] Fig. 1 shows a comparison of the surface roughness a Ru film deposited by a DC- 
sputtering method and subjected to 1) a rapid thermal process at the temperature of 600°C 
under nitrogen atmosphere, and 2) a NH 3 -plasma process at the temperature of 600°C. It can 
be seen from Fig. 1 that the root-mean-square (Rms) value representing the surface for the 
NH 3 -plasma process is less than the rapid thermal process (RTP). The Rms value for the case 
of the NH 3 -plasma process is less than the case of the rapid thermal process (RTP) even with 
the Ru film being deposited by the DC-sputtering method. Therefore, the NH 3 -plasma 
process improves the consistency of the Ru film and also reduces its surface roughness. 
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[0026] Fig. 2 shows the surface roughness of the Ru film that has been subjected to a 
N 2 0-plasma process at a temperature of 350°C. Fig. 3 shows a result of XRD of the Ru film 
surface. And, Fig. 4 represents a diffusion curve of oxygen atoms. As can be seen from Fig. 
2, if the N 2 0-plasma process is applied, the surface roughness of the Ru film is slightly 
increased. However, as shown in Fig. 3, a Ru0 2 phase that prevents BST from being 
deposited by means of a chemical vapor deposition method is not generated so that a 
significant amount of oxygen can be adsorbed on the surface of Ru film, as can be seen from 
Fig. 4. The activated oxygen atoms improve the quality of a BST film that is deposited on 
the surface of the Ru film when the BST is deposited by means of a chemical vapor 
deposition method. This results in a good BST/Ru interface characteristic. 
[0027] Referring to Fig. 5, a silicon oxide film 2 defining an interlayer insulating layer is 
formed on the entire surface of a silicon substrate 1 in which semiconductor circuits are 
formed. A nitride film 3, having a high etch selectivity to the silicon oxide film 2 is formed 
on the silicon oxide film 2, and has a thickness of about 300-1000 A. Next, a contact hole is 
formed for connecting the underlying substrate 1 and a capacitor by sequentially etching a 
portion of the nitride film 3 and the silicon oxide film 2. 

[0028] Referring to Fig. 6, a doped polysilicon layer 4 is deposited over the entire 
surface of substrate 1 and fills the contact hole. 

[0029] The doped polysilicon layer 4 deposited on substrate 1 has a thickness of about 
700 ^3000 A and is deposited by means of a chemical vapor deposition method. 
[0030] Referring to Fig. 7, in order to remove a portion of the doped polysilicon layer 4, 
an etch-back process is performed, whereby a portion of the doped polysilicon layer 4 
remains in the contact hole. 

[0031] The doped polysilicon layer 4 remaining in the contact hole is formed by etching 
the doped polysilicon 4 to a depth of about 200-1500 A from the top of the contact hole. 
[0032] Referring to Fig. 8, an ohmic contact layer 5 is formed on the doped polysilicon 
layer 4 remaining within the contact hole. 

[0033] The ohmic contact layer 5 formed on doped polysilicon layer 4 is formed by first 
depositing Ti or Co to a thickness of about 100-500 A over the entire surface of the silicon 
substrate 1, including the doped polysilicon layer 4 remaining within the contact hole. Next, 
a thermal process is performed to form titanium silicide or cobalt silicide on the doped 
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polysilicon layer 4 remaining within the contact hole. Finally, the remaining Ti or Co is 
removed. 

[0034] Referring to Fig. 9, an anti-diffusion film 6 is formed by depositing on the 
resulting surface TiN or TiAIN to a thickness of about 700-3000 A by means of a physical 
vapor deposition method or a chemical vapor deposition method. Next, as shown in Fig. 10, 
the deposited TiN or the deposited TiAIN is removed from all areas, except within the contact 
hole, by means of a chemical mechanical polishing method. 
[0035] Referring to Fig, 1 1 , a silicate glass film 7 having a thickness of about 
2000-15000 A is formed by depositing USG or PSG over the entire surface of the silicon 
substrate 1, including the anti-diffusion film 6. Next, a concave hole is formed for a 
capacitor by etching a portion of the silicate glass film 7. 

[0036] Referring to Fig. 12, a Ru lower electrode 8 is formed by depositing Ru having a 
thickness of about 100-500 A on the entire surface by means of a sputtering method or a 
chemical vapor deposition method. Next, as shown in Fig. 13, the deposited Ru is removed 
from all surfaces except an internal wall of the concave hole by means of a chemical 
mechanical polishing method or an etch-back process. 

[0037] Referring to Fig. 14, a BST dielectric film 9 is formed on the Ru lower electrode 
8 by sequentially performing a NH 3 -plasma process and a N 2 0-plasma process, and then 
depositing BST having a thickness of about 1 50-500 A by means of a chemical vapor 
deposition method. The BST dielectric film 9 is crystallized by performing a rapid thermal 
process (RTP). An upper electrode 10 is formed on the BST dielectric film 9, thereby 
forming a capacitor. Thereafter, a thermal treatment is performed to stabilize the capacitor 
structure. 

[0038] Preferably, the NH 3 -plasma process is performed under the following conditions: 
power is about 100-500 W, pressure is about 0.5-2.0 Torr, flow rate of NH 3 is about 
200-2000 seem and temperature is about 350-700°C. 

[0039] Preferably, the N 2 0-plasma process is performed under the following conditions: 
power is about 100-500 W, pressure is about 0.5-2.0 Torr, flow rate of N 2 0 is about 
200-2000 seem and temperature is about 350-700°C. 
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[0040] Preferably, the rapid thermal process is performed at a temperature of about 
500~750°C for about 10-180 seconds using a mixture gas of oxygen and nitrogen or a 
mixture gas of oxygen and argon. 

[0041] Preferably, the thermal treatment is performed at a temperature of about 
400~800°C for about 1-130 minutes using a mixture gas of oxygen and nitrogen or a mixture 
gas of oxygen and argon. 

[0042] The upper electrode 10 is formed on the BST dielectric film 9 by depositing Ru, 
Ir or Pt to thickness of about 150-500 A by means of a sputtering method or a chemical 
vapor deposition method. 

[0043] As can be understood from the above description of the present invention, the 
present invention can not only improve the quality of a BST dielectric film but can also 
increase the efficiency of the equipment by sequentially performing a NH 3 -plasma process 
and a N 2 Oplasma process, when BST is deposited by means of a chemical vapor deposition 
method. 

[0044] The present invention has been described with reference to a particular 
embodiment in connection with a particular application. Those having ordinary skill in the 
art and access to the teachings of the present invention will recognize additional 
modifications and applications within the scope thereof. 

[0045] It is therefore intended by the appended claims to cover any and all such 
applications, modifications, and embodiments within the scope of the present invention. 



l-WA/l 689015.1 



7 



